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<g) Method of and apparatus for displaying a multicolor image. 



© A method of displaying a high resolution multicolor image on a lower resolution display. The image (40) 
comprises a plurality of image pixels containing at least first and second image subpixels having first and 
second colors. The image is displayed on a display having display pixels (44) comprising at least first and 
second spatially offset display subpixels (R.G.B) capable of displaying the first and second colors, respectively 
In the method, the first display subpixel (R) is displayed with an intensity which is a function of the intensities of 
at least two first image subpixels having positions extending over a first region (48) having an area greater than 
the area of the first display subpixel. The first region is approximately centered on the position of the first display 
subpixel A second display subpixel is displayed with an intensity which is a function of the intensities of at least 
two second image subpixels having positions extending over a second region having an area greater than the 
area of the second display subpixel. The second region is approximately centered on the position of ^e second 
j display subpixel. By using a different centered region for each separate subpixel of a composite RGB (red, 
1 green blue) display picture element in transforming a high resolution multicolor image to a lower resolution 
1 display, higher quality images are produced as compared to using a single region for each composite RGB 



{^display picture element. 
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METHOD OF AND APPARATUS FOR DISPLAYING A MULTICOLOR IMAGE 

The invention relates to multicolor-displays constructed, for example, from discrete red. green, and blue 
picture elements. For example, the invention relates to multicolor liquid crystal delays. 

Pixel arrangements for color liquid crystal displays are described, for example, m an article by 
Tsuru^Lt a envied »Co,or Pixel Arrangement Evaluation for LC-TV" (1985 Internationa. D,sp ..ay Research 
Conference pages 24-26). Such displays consist of a large number of picture elements (p.xels) where each 
pixe TcoSs 3 three to six color subpixels. Tsuruta et al describe several pixel configurations. In one case 
each pixel ! consists of a rectangular area formed by arranging a red. a green, and a blue S ubp,xel m a 
horizontal line. Identical pixels are repeated in vertical columns and horizontal rows. 

TanoSer case, each pixel consists of a rectangular area formed by a red subpixel, a green subpixe^ 
and a blue subpixel in a horizontal line, or a blue subpixel. a red subpixel. and a green subpixel in a 
norizonte" line or a green subpixel. a blue subpixe.. and a red subpixel in a horizontal hne. The three 
different pixel configurations are arranged in the display in alternating rows. 

in a Ld arrangement of Tsuruta et al. each pixel consists of a red subpixel. a blue subpixel. and a 

gree ;^rS^PT^^ consists of one red subpixel. one b.ue subpixel. and two 

^^^^^^^Z^ has a much higher resolution than does ^p lay 
device on which the image is to appear. Such high resolution image information .s obtamed. for example, 
synthetically (by computer generation), or from a high resolution image sensor. 

Because the image resolution is higher than the display resolution, a number N of .mage pixels w,H 
correspond to a single display pixel. Consequently, in displaying image informatior , on, ""^J 
crystal display, rt has been known to process the image by associating N ,mage p.cture elements with each 

diSP T^uf te^Zesoi a display pixel were determined by averaging the attributes of the N image pixels 
correTponlg Invocation to the display pixel. More specifically, the red intensity of the display pixel was 
determined by averaging the red intensity of the corresponding N image pixels. Similarly the blue nmenaty 
ofthe display pixel was determined by averaging the blue intensities of the N 

and the green intensity of the display pixel was determined by averag.ng the green ,ntens.t.es of the 

e °TSSS "J£Z method of displaying a co.or image on a color liquid crystal display was that 

the images suffered from blurring. Moreover, the edges of objects in the displayed .mage conta.ned 

SPUr T^e S reforrtTs an object of the invention to provide a method of and ^f^^fZti 
multicolor image which provides sharper quality text and graph.c .mages on mulficolor d.splays. w.th 

35 reduced spurious coloration. A . AA „ mA 

More specifically, it is an object of the invention to compensate for the offset between red green and 
blue picture elements in a multicolor display constructed from discrete red. green, and blue p.cture 
elements, in order to produce images of higher quality. a<4uM(inM 
These objects of the invention are accomplished by the features of the main clams. Further advantages 
40 of the invention are characterized in the subclaims. 

in L method of and apparatus for displaying a multicolor image according to the present invents, the 
image tes a first density of image pixels. Each image pixel comprises at least first and se cc _nd image 
subpixels having first and second different colors, respectively. A display .s provided havmg a density of 
display pixels which is less than or equal to the density of pixels in the image. Each display pixel compr ses 
4 5 at least first and second spatially offset display subpixels capable of displaying the first and second colors. 

reSP Acc3ng to the invention, a first display subpixel is displayed with an intensity which is a function _ of 
the intensities of at least two first image subpixels having positions extending over a first region. The first 
region has an area greater than the area of the first display subpixel. The first reg.on .s approx.mately 
so centered on the position of the first display subpixel. _ :„ +Q „ ei « ac 

Moreover, a second display subpixel is displayed with an intensity which .s a function of the in ensrtes 
of at least two second image subpixels extending over a second region having an area greater tharv the area 
of the second display subpixel. The second region is approximately centered on the pos.tion of the second 

dlSP ThVm b Shod of displaying a multicolor image according to the present invention is based upon the 
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recognition that in prior displays image information from the closest neighboring image pixels was not 
considered in determining the intensity of each color subpixel of the display. While the prior method of 
displaying a multicolor image was adequate if the different color subpixels of the display were not offset, 
the prior method was deficient in displays with significant spatial offset between the different color subpixels 

of each display pixel. „ 

Advantageously, the method according to the present invention compensates for the spatial offsets 
between the red. green, and blue subpixels of each display picture element to produce displays of higher 
quality Consequently, the greater the ratio of the spatial offsets of the red. green, and blue subpixels to the 
size of the composite red/green/blue picture elements, the greater is the improvement in display sharpness 
and coloration resulting from the method according to the present invention. 

In addition to improving image quality, the method of displaying a multicolor image according to the 
present invention can also be used to reduce aliasing. The method is useful in reducing aliasing, or 
example, when each image subpixel has only one of two intensity levels, and when each display subpixel is 
capable of being displayed in any one of at least three intensity levels. 

In another aspect of the invention, each first display subpixel is displayed with an intensity which is a 
first function of the intensities of at least two first image subpixels extending over a first region associated 
with the first display subpixel. Each first region is approximately centered on the position of the associated 
first display subpixel. Similarly, each second display subpixel is displayed with an intensity which is a 
second function of the intensities of at least two second image subpixels extending over a second region 
20 associated with the second display subpixel. Each second region is approximately centered on the position 
of the associated second display subpixel. 

The display may comprise, in addition to first and second spatially offset display subpixels. a th.rd 
spatially offset subpixel for displaying a third color in the image. Each third display subpixel is displayed 
with an intensity which is a third function of the intensities of at least two third image subpixels extending 
25 over a third region associated with the third display subpixel. 

The first second, and third regions may have any suitable shape. For example, these regions may be 
T-shaped or' they may be rectangularly shaped. Preferably, the first, second, and third regions have equal 
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The first, second, and third functions (which relate the intensity of each display subpixel to the 
intensities of two or more image subpixels) may be, for example, weighted arithmetic mean functions. 
Alternatively, they may be other low-pass filter functions of the spatial distribution of the intensities of the 
image subpixels (so as to reduce aliasing). . 

As mentioned above, the display may be a liquid crystal in which the display subpixels are energized to 
transmit or reflect light incident thereon. Alternatively, the display may be a plasma panel, an elec- 
troluminescent panel in which the display subpixels are energized to emit light, or a multicolor printer. 

While the different color subpixels of the display are spatially offset relative to one another, normally the 
different color subpixels of the image are spatially superimposed on each other. 

It is preferred that in the method according to the present invention, the combination of all of the first 
regions extends over substantially the entire display, and the sum of the areas of all the first reg.ons is 
substantially equal to the entire display area. Similarly, the combination of all the second regions extends 
over substantially the entire display, and the sum of the areas of ail of the second regions is substantially 
equal to the display area. In this way. all available image information is utilized in constructing the displayed 
image. 

The invention will be described in detail below with reference to drawings. 

Figure 1 schematically illustrates an arrangement of image picture elements (pixels). 
Figure 2 schematically illustrates an arrangement of T-shaped display pixels, where each d.splay 
pixel comprises spatially offset red. green, and blue display subpixels. 

Figure 3 schematically illustrates a display pixel of Figure 2 superimposed on .mage pixels of Figure 

1 Figure 4A schematically illustrates a first display subpixel and a first region of image subpixels 
associated with the first display subpixel. 

Figure 4B schematically illustrates a second display subpixel and a second region of second image 
subpixels associated with the second display subpixel. 

Figure 4C schematically illustrates a third display subpixel and a third region of th.rd image subpixels 
55 associated with the third display subpixel. 

Figures 5A. 5B. and 5C illustrate alternative first, second, and third regions of image subpixels 
associated with first, second, and third display subpixels respectively. 
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Figure 6 schematically shows several first display subpixels (in this case red subpixels), and a space- 
filling pattern of associated first regions. 

Figure 7 shows a display pixel comprising four display subpixels. 

Figure 8 schematically shows an apparatus for performing the method of displaying a multicolor 
image according to the present invention. 

The method of and apparatus for displaying a multicolor image according to the present invention starts 
with an image. Referring to Figure 1. an image portion 40 has a first density of image pixels 1-36. Each 
image pixel 1-36 has a position in the image. 

Each image pixel 1-36 of image 40 comprises at least first and second image subpixels. In the case of 
image 40, the first and second image subpixels of each pixel are spatially superimposed on each other 
Each first image subpixel has a first color, and each second image subpixel has a second color different 
from the first color. Thus, for example, image pixel 1 comprises a red subpixel with an intensity r*. and a 
green subpixel with an intensity gi. , . . # 

in the case of a tricolor image, each image pixel also comprises a third image subpixel spatially 
superimposed on the first and second image subpixels. The third image subpixel has a third color, for 
example blue. Image pixel 1 then also comprises a blue subpixel with an intensity b*. 

The method according to the present invention also utilizes a display as shown in Ftgure 2. The display 
portion 42 of Figure 2 has a second density of display pixels 44 less than or equal to the first density of 
image pixels 1-36 of Figure 1. The density comparison between the image pixels and the display pixels is 
for an image and a display of equal size. 

Each display pixel 44 shown in Figure 2 comprises at least first and second spatially offset display 
subpixels 46. Each first display subpixel is capable of displaying the first color, and each second display 
subpixel is capable of displaying the second color. 

In the example of Figure 2, each display pixel 44 comprises three display subpixels 46. For example, 
the first display subpixels are display subpixels R for displaying red. the second display subpixels are the 
display subpixels G for displaying green, and the third display subpixels are the subpixels B for displaying 
blue Each display subpixel has a position on the display and corresponds to an area of the display 42. 

Figure 3 shows a display pixel 44 of display portion 42 superimposed on image pixels 1-36 of image 
portion 40 for a display and image of equal size. In Figure 3. display pixel 44 covers the same area as 
twelve image pixels, and therefore the density of image pixels is twelve times greater than the density of 

d,SP Now P1 according to prior methods of displaying the multicolor image 40 on the display 42. the intensity 
of the display pixel 44 would be determined by averaging the intensities of the image pixels 8-11, 14-17 
21. 22, 27. and 28 which correspond in position to the display pixel. Thus, the intensity of the red subpixel 
R of display pixel 44 was given by 

1 1 17 

40 R fl o ia ic J^Ii (1) 

K 8,9, 14,15— 12 

The intensity of the green display subpixel G was determined by 
11 17 
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- i=a (2) 

Gio,ii,i6,17 — 12 

And the intensity of the blue display subpixel B was determined by 

1 1 17 

+ bi + b 2 i + b 22 + b 27 + b 28 

zr i**8 i»14 

B 2 i, 22 ,27,28 - ^2 { } 
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In equations 1. 2. and 3. r, is the intensity of the red subpixel of image pixel i. gi is the intensity of the 
green subpixel of image pixel i. and b, is the intensity of the blue subpixel of image pixel i. 

While the prior method of displaying a multicolor image appeared to be satisfactory, the present 
invention is based upon the recognition that due to the spatial offset between the R, G, and B display 
s subpixels of the display pixel 44. a sharper image with truer coloration can be produced by constructing 
each display subpixel from a different set of nearest neighbor image subpixels. Thus, for example, the red 
component of image subpixel 2 should contribute more to the intensity of the display subpixel R than 
should the red intensity of image subpixel 28. However, in the prior method the intensity of the red display 
subpixel R was based in part upon the red component of image subpixel 28 and was not based at all upon 
jo the intensity of the red component of the image subpixel 2. 

Consequently, the method according to the present invention compensates for the offset between the 
red green, and blue display subpixels R, G. and B in the display of the image. 

Referring to Rgure 4A. according to the present invention a first display subpixel R of the display pixel 
44 of Figure 3 is now displayed with an intensity which is a function of the intensities of at least two (in this 
rs case twelve) first image subpixels having positions extending over a first region 48. Region 48 includes the 
red subpixels of image pixels 1-4, 7-10, 14, 15, 20 and 21. 

The first region 48 thus has an area greater than the area of the first display subpixel R. However, as 
compared with the prior method, .according to the present invention the first region 48 is approximately 
centered on the position of the first display subpixel R. The intensity of the first display subpixel R is, for 
20 example. 

n io 

^ri+ ^ri + na + rTS-l- xiq + r2i 
- _ i-1 ' i=7 (&\ 
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Rgure 4B shows a second display subpixel G. Display subpixel G is displayed with an .ntensity which 
is a function of the intensities of the green image subpixels having positions extending over a second reg.on 
50 Second region 50 contains the green image subpixels in image pixels 3-6, 9-12, 16, 17. 22. and 23. As 
shown in Figure 4B. the second region 50 is approximately centered on the position of tho second display 
subpixel G. Thus, the intensity of the second display subpixel G is given by 

6 12 

2.91 + 2 gi + 917 +922 +S23 

— i-3 i-9 ,c\ 

010.11.16.17= "J (5) 
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Rgure 4C shows a third display subpixel B of the display subpixel 44 of Figure 3. Subpixel B is 
displayed with an intensity which is a third function of the intensities of the blue image subpixels contained 
in a third region 52. The third region 52 contains image pixels 14-17. 20-23. 27. 28, 33. and 34. The third 
region 52 has an area greater than the area of the associated display subpixel B and is approximately 
centered on the position of the associated display subpixel B. The intensity of the display subpixel B may 
be given by. for example. 



17 23 



y bi + ^ bi + b 2 7 + b 2 a + b 3 3 + b3i 



— i°20 (6) 

50 B2t.22.27, 23 - ^2 

In Figures 4A. 4B. and 4C and equations (4). (5). and (6), the functions which determine the intensities 
of the display subpixels are arithmetic mean functions. Figure. 5A, 5B, and 5C show alternative weighted 
55 mean functions. In Figures 5A, 5B, and 5C. the first region 54. the second region 56. and the third region 58 
associated with the R display subpixel. the G display subpixel. and the B display subpixel respectively, are 
shown in bold outline. The intensities of the display subpixels are given by the following functions. 
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« r 2 + r 3 4- r 9 4» r 9 + 4- r i S + r 20 4» 

4" (*i + + r 7 +ri 0 + r t3 + rie + ri 9 + r 22 ) 
+ ^ „ (7, 

— g a -f g$ + g«o + gn + g^ + g»? -4 g^ + g^a 
■4- (g3 + 96 + g9 + gi2 + gis + gis + g2i + «a) 

+ 2 (8) 

— b-e 4- bi<; 4- b?i 4- b 2J 4- b ? ? 4- b-g 4- b^ 3 4- bia 
4- (bm 4- bi? + b 2 o + b 2 3 + b 2 s 4- b 29 4- b 32 4 b 35 ) 

— . (» 

The arithmetic mean functions of Figures 4A, 4B, and 4C, and the weighted mean functions of Figures 
5A, 5B, and 5C are examples of low pass filter functions of the spatial distribution of the intensities of the 
image subpixels. These and other low pass filter functions are useful in reducing aliasing when each image 
subpixel has one of only two intensity levels (either "off" or "on"), and where each display subpixel is 
capable of being displayed in any one of at least three intensity levels (for example, "off", "medium 
intensity" and "high intensity"). (See for example, Crow, F.C. "The Aliasing Problem in Computer- 
Generated Shaded Images". Communications of the ACM , Vol. 20, No. 11, pages 799-805. November 

19? As shown in Figures 4A, 48, and 4C, the first, second, and third regions are T-shaped and have equal 
areas. In Figures 5A, 5B, and 5C. the first, second, and third regions are rectangularly shaped and again 
have equal areas. Within the scope of the present invention, the regions 48-58 may alternatively have other 
shapes, so long as each region is approximately centered on the position of the associated display 
subpixel. 

While the regions 48-58 may have shapes other than those shown, in subjective comparisons between 
the T-shaped regions and the rectangular regions, most people reported that the rectangular regions 
produced images of slightly higher quality than the centered T-shaped regions. 

While Figures 4A, 4B, 4C, 5A. 5B, and 5C, each show one region associated with one display subpixel, 
Figure 6 shows a number of first regions 48 associated with a number of first display subpixels (here, R 
subpixels). As shown in Figure 6, each first region 48 is centered on an associated R display subpixel, and 
has an area substantially equal to the area of an entire display pixel containing three display subpixels. 
While Figure 6 shows only a portion of the entire display, it can be seen that the combination of all of the 
first regions 48 extends over substantially the entire display. Moreover, it can be seen that the sum of the 
areas of all of the first regions 48 is substantially equal to the area of the entire display. In this way, all 
available image information is utilized in constructing the display of the image. 

Thus far, each display pixel 44 has been described as comprising three display subpixels 46. (Figure 
2). However, each display pixel may contain more than three display subpixels, or may contain as few as 
two display subpixels. 

Figure 7 shows a display pixel 44 containing four display subpixels 46. In this embodiment, each 
display pixel 44 contains one red display subpixel R. one blue display subpixel B, and two green display 
55 subpixels G. The green display subpixels may be of the same wavelength or of different wavelengths. 
Moreover, one green display subpixel may be replaced, for example, by a gray display subpixel. 

Figure 8 is a block diagram of an apparatus for performing the method of displaying a multicolor image 
according to the present invention. The apparatus includes, for example, an image memory 60 which 



20 



25 



30 



35 



40 



45 



50 



6 



BNSDOCID: <EP 0346621 A2 J _> 



EP 0 346 621 A2 



10 



separately stores red image information, green image information, and blue image information. The 
apparatus further includes a display memory 62 for storing display information corresponding to the 
intensities of the red. green, and blue display subpixels. A display controller 64 reads the information .n the 
display memory 62 and drives a display 66 to produce an image. 

The display 66 may be. for example, a plasma display or an electroluminescent display. In both of 
these displays, the display subpixels emit light. Alternatively, the display 66 may be a liquid crystal device 
in which the display subpixels transmit and/or reflect light incident thereon, or it may be a multicolor printer. 

The apparatus of Figure 8 further includes a processor 68 for reading the image information in image 
memory 60 and for generating the display information in the display memory 62. Processor 68 reads image 
subpixel intensity information from image memory 60 locations corresponding to regions (for example, 
regions 48-52 of Figures 4A-4C. or regions 54-58 of Figures 5A-5C) centered on the positions of associated 
display subpixels. The image subpixel intensity information in each region is then operated upon (for 
example, averaged), and the result is stored in the display memory 62 location corresponding to the. 
position of the associated display subpixel. 
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Claims 

1 A method of displaying a multicolor image, said method comprising the steps of: 
2 o providing an image having a first density of image pixels (1-36). each image pixel having a position, each 
image pixel comprising at least first and second image subpixels. each first image subpixel having a first 
color, each second image subpixel having a second color different from the first color, each image subpixel 

ProvWinTrSspiay having a second density of display pixels (44) less than or equal to the first density of 
25 Image pixels, each display pixel (44) comprising at least first and second spatially offset display subpixels 
(46) each first display subpixel being capable of displaying the first color, each second display subpixel 
being capable of displaying the second color, each display subpixel having a position and corresponding to 

dTsDlTying J ^display subpixel with an intensity which is a function of the intensities of at least two first 
3 o image subpixels having positions extending over a first region (48). said first region being approximately 
centered on the position of the first display subpixel; and 

displaying a second display subpixel with an intensity which is a function of the intensities of at least two 
second image subpixels having positions extending over a second region (50). said second reg.on being 
approximately centered on the position of the second display subpixel. 
35 2. A method as claimed in Claim 1 , characterized in that 
each image subpixel has one of only two intensity levels; and 

each display subpixel is capable of being displayed in any one of at least three intensity levels. 

3. A method as claimed in Claim 2, characterized in that: 

each first display subpixel is displayed with an intensity which is a first function of the intensities of at least 
40 two first image subpixels having positions extending over a first region (48) associated with the first display 
subpixel each first region having an area greater than the area of the associated first display subpixel. each 
first region being approximately centered on the position of the associated first display subpixel; and 
each second display subpixel is displayed with an intensity which is a second function of the intensities of 
at least two second image subpixels having positions extending over a second region (50) associated with 
45 the second display subpixel. each second region having an area greater than the area of the associated 
second display subpixel. each second region being approximately centered on the position of the 
associated second display subpixel. 

4. A method as claimed in Claim 3, characterized in that: 

each image pixel further comprises a third image subpixel, each third image subpixel having a third color 

so different from the first and second colors; 

each display pixel further comprises a third display subpixel spatially offset from the first and second 
display subpixels. each third display subpixel being capable of displaying the third color; and 
the method further comprises the step of displaying each third display subpixel with an intensity wh.ch is a 
third function of the intensities of at least two third image subpixels having positions extending over a third 
55 region (52) associated with the third display subpixel, each third region having an area greater than the area 
of the associated third display subpixel, each third region being approximately centered on the position of 
the associated third display subpixel. 
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5. A method as claimed in Claim 4, characterized in that the first, second, and third regions are T-- 
shaped (Fig. 4A - 4C) and have equal areas. 

6. A method as claimed in Claim 4, characterized in that the first, second, and third regions are 
rectangularly (Fig. 5A - 5C) shaped and have equal areas. 

5 7. A method as claimed in Claim 4, characterized in that the first, second, and third regions have equal 

Hf©3S 

a A method as claimed in Claim 4, characterized in that the first, second, and third functions are 
weighted arithmetic mean functions. . 

9. A method as claimed in Claim 4, characterized in that the steps of displaying the display subpixels 
10 comprise the steps of energizing the display subpixels to emit light. 

10. A method as claimed in Claim 4, characterized in that the steps of displaying the display subpixels 
comprise the steps of energizing the display subpixels to reflect light incident thereon. 

11. A method as claimed in Claim 4, characterized in that the steps of displaying the display subpixels 
comprise the steps of energizing the display subpixels to transmit light incident thereon. 

js 12 A method as claimed in Claim 4, characterized in that: 

the intensity of the first display subpixel is equal to a low-pass filter function of the spatial distribution of the 
intensities of the first image subpixels in the first region; 

the intensity of the second display subpixel is equal to a low-pass filter function of the spatial distribution of 
the intensities of the first image subpixels in the second region; and 
20 the intensity of the third display subpixel is equal to a low pass filter function of the spatial distribution of 
the intensities of the first image subpixels in the third region. 

13. A method as claimed in Claim 3. characterized in that the first and second image subpixels are 
spatially superimposed on each other. 

14. A method as claimed in Claim 3, characterized in that the second density of display pixels is less 

25 than the first density of image pixels. 

15 'A method as claimed in Claim 3, characterized in that: the display has an area; 
each display pixel has an area, the area of one display pixel being substantially equal to the area of each 
other display subpixel, the sum of the areas of the display pixels being substantially equal to the display 
area* 

30 each first region (48) has an area substantially equal to the area of a display pixel; 
each second region (50) has an area substantially equal to the area of a display pixel; 
a combination of all of the first regions extends over substantially the entire display; 
a combination of all of the second regions extends over substantially the entire display; 
the sum of the areas of all of the first regions is substantially equal to the display area; and 

35 the sum of the areas of all of the second regions is substantially equal to the display area. 
16. A method as claimed in Claim 1, characterized in that: 
each first display subpixel is displayed with an intensity which is a first function of the intensities of at least 
two first image subpixels having positions extending over a first region associated with the first display 
subpixel, each first region having an area greater than the area of the associated first display subpixel, each 

40 first region being approximately centered on the position of the associated first display subpixel; and 

each second display subpixel is displayed with an intensity which is a second function of the intensities of 
at least two second image subpixels having positions extending over a second region associated with the 
second display subpixel, each second region having an area greater than the area of the associated second 
display subpixel, each second region -being approximately centered on the position of the associated 

45 second display subpixel. 

17 A method as claimed in Claim 16, characterized in that: 
each image pixel further comprises a third image subpixel, each third image subpixel having a third color 
different from the first and second colors; 

each display pixel further comprises a third display subpixel spatially offset from the first and second 
so display subpixels, each third display subpixel being capable of displaying the third color; and 

the method further comprises the step of displaying each third display subpixel with an intensity which is a 
third function of the intensities of at least two third image subpixels having positions extending over a third 
region (52) associated with the third display subpixel, each third region having an area greater than the area 
of the associated third display subpixel, each third region being approximately centered on the position of 
55 the associated third display subpixel. 

18. A method as claimed in Claim 17. characterized in that the first, second, and third regions are T- 

shaped and have equal areas. 
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19. A method as claimed in Claim 17. characterized in that the first, second, and third regions are 
rectangularly shaped and have equal areas. . , 

20. A method as claimed in Claim 17, characterized in that the first, second, and third regions have 

6GU&I areas 

s 21. A method as claimed in Claim 17, characterized in that the first, second, and third functions are 
weighted arithmetic mean functions. 

22. A method as claimed in Claim 17. characterized in that the steps of displaying the display subpixels 
comprise the steps of energizing the display subpixels to emit light. 

23. A method as claimed in Claim 17. characterized in that the steps of displaying the display subpixels 
io comprise the steps of energizing the display subpixels to reflect light incident thereon. 

24. A method as claimed in Claim 17. characterized in that the steps of displaying the display subpixels 
comprise the steps of energizing the display subpixels to transmit light incident thereon. 

25. A method as claimed in Claim 17, characterized in that: 

the intensity of the first display subpixel is equal to a low-pass filter function of the spatial distribution of the 
»5 intensities of the first image subpixels in the first region; 

the intensity of the second display subpixel is equal to a low-pass filter function of the spatial distribution of 
the intensities of the first image subpixels in the second region; and 

the intensity of the third display subpixel is equal to a low pass filter function of the spatial distribution of 
the intensities of the first image subpixels in the third region. 
20 26. A method as claimed in Claim 16, characterized in that 

each image pixel further comprises a fourth image subpixel, each fourth image subpixel having a fourth 
color different from the first, second, and third colors; 

each display pixel further comprises a fourth display subpixel spatially offset from the first, second, and 
third display subpixels, each fourth display subpixel being capable of displaying the fourth color; and 

25 the method further comprises the step of displaying each fourth display subpixel with an intensity which is a 
fourth function of the intensities of at least two fourth image subpixels having positions extending over a 
fourth region associated with the fourth display subpixel, each fourth region having an area greater than the 
area of the associated fourth display subpixel. each fourth region being approximately centered on the 
position of the associated fourth display subpixel. 

30 27. A method as claimed in Claim 16. characterized in that the first and second image subpixels are 
spatially superimposed on each other. . , ■ , 

28. A method as claimed in Claim 16, characterized in that the second density of display pixels is less 

than the first density of image pixels. 

29. An apparatus for displaying a multicolor image (40), 

35 said apparatus comprising: means for providing image information corresponding to an image having a first 
density of image pixels (1-36), each image pixel having a position, each image pixel comprising at least first 
and second image subpixels, each first image subpixel having a first color, each second image subpixel 
having a second color different from the first color, each image subpixel having an intensity; 
a display having a second density of display pixels (44) less than or equal to the first density of image 

40 pixels, each display pixel comprising at least first and second spatially offset display subpixels (46), each 
first display subpixel being capable of displaying the first color, each second display subpixel being capable 
of displaying the second color, each display subpixel having a position and corresponding to an area of the 

means' for displaying a first display subpixel with an intensity which is a function of the intensities of at least 
45 two first image subpixels having positions extending over a first region (48). said first region being 
approximately centered on the position of the first display subpixel; and 

means for displaying a second display subpixel with an intensity which is a function of the intensities of at 
least two second image subpixels having positions extending over a second region (50). said second region 
being approximately centered on the position of the second display subpixel. 
so 30. An apparatus as claimed in Claim 29, characterized in that: 

the means for providing image information comprises an image memory (60) for storing image information; 
each image subpixel has one of only two intensity levels; and 

each display subpixel is capable of being displayed in any one of at least three intensity levels. 
31 . An apparatus as claimed in Claim 30. characterized in that: 
55 each first display subpixel is displayed with an intensity which is a first function of the intensities of at least 
two first image subpixels having positions extending over a first region (48) associated with the first display 
subpixel. each first region having an area greater than the area of the associated first display subpixel. each 
first region being approximately centered on the position of the associated first display subpixel; and 
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each second display subpixel is displayed with an intensity which is a second function of the intensities of 
a^tTo second image subpixels having positions extending over a second region (50) ■ «* 
The second display subpixel. each second region having an area greater than the ^*»Z™*£ 
second display subpixel, each second region being approximately centered on the posrt.on of the 

5 associated second display subpixel. 

32. An apparatus as claimed in Claim 31. characterized in that: _ _ 

each image pixel further comprises a third image subpixel. each third .mage subpixel havmg a third color 
different from the first and second colors; -~«„h 
each display pixel further comprises a third display subpixel spatially offset from the first and second 
10 display subpixels. each third display subpixel being capable of displaying the third color; and 

L apparatus further comprises means for displaying each third display subp.xel w,th an mtensity wh.ch s 
a third function of the intensities of at least two third image subpixels having pos.t.ons extending i over a third 
region (52) associated with the third display subpixel, each third region having an area greate. «™ 
of the associated third display subpixel, each third region being approximately centered on the portion of 

75 the associated third display subpixel. . _ 

33. An apparatus as claimed in Claim 32, characterized in that the first, second, and third regions are T- 

shaoed (Fig. 6) and have equal areas. 

34. An apparatus as claimed in Claim 32, characterized in that the first, second, and third regions are 

rectanaularly shaped (Fig. 7) and have equal areas. 
20 35 An apparatus as claimed in Claim 32. characterized in that the first (48). second (50). and third (52) 

re9i °36 S An V apparls re i S claimed in Claim 32. characterized in that the first, second, and third functions are 

weighted arithmetic mean functions. . ^, 01 .._ w 

37 An apparatus as claimed in Claim 32. characterized in that the means for displaying the display 
as subpixels (46) comprises means for energizing the display subpixels to emit light. 

38 An apparatus as claimed in Claim 32. characterized in that the means for displaying the display 
subpixels (46) comprises means for energizing the display subpixels to reflect light incident thereof 

39 An apparatus as claimed in Claim 32. characterized in that the means for displaying the display 
subpixels (46) comprises means for of energizing the display subpixels to transmit light incident thereon. 

30 40. An apparatus as claimed in Claim 32. characterized in that 

the intensity of the first display subpixel is equal to a low-pass filter function of the spatal distribution of the 
intensities of the first image subpixels in the first region; .... 
We SnJtJ of the second display subpixe. is equal to a low-pass filter function of the spatial distribute of 
the intensities of the first image subpixels in the second region; and „, 

35 the intensity of the third display subpixe. is equal to a low pass filter function of the spatial distnbution of 
the intensities of the first image subpixels in the third region. 

41 An apparatus as claimed in Claim 31, characterized in that the first and second .mage subp.xels are 

spatially superimposed on each other. . 

42 An apparatus as claimed in Claim 31. characterized in that the second dens.ty of d.splay p.xels (44) 

40 is less than the first density of image pixels. 

43. An apparatus as claimed in Claim 31, characterized in that: 

Tach dXr^^Thas an area, the area of one display pixel being substantially equal to the area of 
each other display pixel, the sum of the areas of the display pixels (44) being substantially equal to the 
45 display area; 

each first region has an area substantially equal to the area of a display pixel; 
each second region has an area substantially equal to the area of a display pixel; 
a combination of all of the first regions extends over substantially the entire display; 
a combination of all of the second regions extends over substantially the entire display; 
50 the sum of the areas of all of the first regions is substantially equal to the display area; and 
the sum of the areas of all of the second regions is substantially equal to the d.splay area. 
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